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IDES DIAMOND MELT?*

R. Grover
Universityof California,LawrenceLivermoreLaboratory

Livermore,California94550

Abstract

RecentdynamicCcxnpressiondata for carbcmis discussedwhich suggestthat

metalliccarbonhas unexpectedthermodynamicproperties,both in havinga

lowerdensityand =ergy of formatim and a highermeltingtqatuxe. On

the basisof thesepropertiesthe diamondphaseof carbonis now predictedto

transformb a solid@ase of metalliccarbonat all pressuresabovethe

graphitetriplepoint.

Work performedunder the auspicesof theU.S. Departmentof Energyby
LawrenceLivermoreLaboratoryundercontract#W-7405-Ehg-48.

.
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1. Introduction

Althoughthe lightgroupIV elanents, C and Si, are expectedto transform

to metallic-like phasesat sufficientlyhighpressuresand/ortemperatures,

relativelylittleis definitelyknownabout the temperature-pressure(*P)

koundaryfor this transitim or about the propertiesof the metallicphases.

In additicmb theiressentialrole in determiningthe stabilityfieldof the

diamotiphase, these metallic phases

importmce, ccnnectedprimarilywith

solidsand liquids. For example,in

itim metals,C and Si

the metallicphase.l

Experimentalphase

can be viewed

.

have both technological.and geophysical

how theywill mix with othermetallic

theirinterstitialcoqnmds with trans-

as ambining with the transitionmetal in

diagramdata as well as semi-thmreticalargumentshave

been used to predictthe extremeparts of the carbonphasediagram. Most

i recentlyVarIVechten2has made predictionsbasedcm scalingthe volume

}
changesobservedin the

intermetal.licccmpmnds

energies. For carbcna

boundaryof the dianumd

correspondingtransitionsfor the group IV and HI-V

and m a simplifieddielectrictheoryfor internal

substantial part of thispredictedhigh temperature

(a)phasewith the metal (B)phaselies adjacentto a

liquidphase as illustratedin Figure 1. Althoughthe Van Vechtenprocedure

predictstransiticmpressureswithinexperimentalerrorfor many III-Vand

II-VI compounds, 2 recentdata3revealssignificantdisagreementwith

detailedpredictims of the dielectrictheoryfor thesecompounds. In the

case of carbcnthe phasediagrampredictims must be considereda particularly

severetestof the Van Vechtenprocedurebecauseof the extremeatanicvolume

and bulk modulus of dianmd (relativeb the heavierelements)togetherwith

the extremesimplificatimsmade in the dielectrictheory.
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Ccmventionalquilibrium measurementsof the thermodynamicpropertiesof

carbcn in the vicinityof the metal transitionare not yet possiblebecauseof

the high requiredpressuresand temperatures.There is howevera varietyof

experimentalevidencefor the existenceof metalliccarkn. Bundy’sextensive

pulse heatingexperimentsbelow 20 GPa m the graphitediamondsystemappear

to have locatedthe graphite-diammd-metal(Y-c@) triplepoint4and consti-

tutes the most dir=t experimentalevidencefor the existmce of the liquid

metallicphase. This experimentaltriplepoint at ‘4000K and 12.5GPa is

scxnewhatMx+erthan predictd

there is preliminaryevidence

apparatusat pressuresof 170

triplepoint shown in Figure 1. In addition

of reversiblechangesof state in a diammd cell

GPa5a and a rapidincreasein electrical

condwtivi~ of diamondin a high stress“indenter”a~aratus at a high but

5bindeterminatestress. More recentlya significantamunt of high density

dynamicstik compressim data on carbonhas

vides furtherbut confusingevidencefor the

singlecrystaldianrmddata provideevidence

6-9 “ad pr&becomeavailable
4‘?

metallicphase. CM the one hand

for the ~fl transiticmwithinthe

rangeof expectedtransitionpxszmres at la temperature(e.g..see Figure1).

Howeverslmckccnnpressiondata m a varietyof formsof graphiteappearti

ruleout the possibilityof the expecteddiamondtransitionto a dense

metallicphase at highertemperatures.More detaileddiscussionsof these

data and theirinterpretationare presentedin sections3 and 4.

In order to resolvethis data pradox and to understandits broaderimpli-

caticmsconcerningthe propertiesof carbcnat extremeconditionswe havemade

use of a conservativephenomenologicalequaticm-of-state (EM mdel for the

vario& solidand liquidphasesof carbon. The merits of this model and its

ap@ication to carbcmare reviewedin sectim 2. Mter fittingtie available

data the resultingsolidmetallicphaseof carbcnis found to be more stable
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then the liquidall almg the boundarywith the diamcndphase. The properties

of the metal phase leading@ thisprdiction are theoreticallyevaluatedin

the concludingsection by a systematic comparison with known metals and with

sane preliminaryelectrm band-structurecalculations.The adequacyof our

interpretaticmof the present

and accuratedata base of the

discussedalso in secticn4.

data couldbe tested

currenttp as well

2. Equation-of-Statelfodelirq

both by a nmre extensive

as by more noveldata as

In order b avoid the difficultproblemof constructingany kind of

reliablemicroscopictheoryfor the condensedphasesof carbonwe have used

reasonablephenomenologicalnmdelsfor the free“=nergyof all carbonphases

whoseparameters,it turnsout, may be adjustedb fit availableexperimental

EKE data . For instancein the a(dianmd) phase an adequateIDS of the quasi-

harnmic Grtieisenform can be determinedsimplyfran high temperaturethermo-

physicaldata10’11 and recentultrasonic velocitydata on singlecrystal

diammd.6 Accordingto q=si-ha-ic th=ry * thez~ free ener9Y~

Fti, and Grbeisen ratior‘G, me relatedat high temperature~ a

GrfieisenC’h=acteris-tictemperat~e ‘G,

lattice frequency, by

The renainingstaticcontributionto the

defined.asthe geometricmean

elasticenergyof the latticecan be

determinedfrom the measuredpressurevariaticmof sound

dianmd.6 For ~rolytic graphite(assumedb adequately

crystal”graphite)shockvekcity data7can be similarly

velocitiesin

represent“single

cwbined with high

.
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temperaturethermophysicaldata to give a reliableEXE for the y(graphite)

phaseof carbm. In this case theGriineisencoefficimt is determined

primarilyby the behaviorof the ratioof thermalexpansioncoefficientto

specificheat at high temperatures.Table 1 containsthe EDS parametersused

for the y and a phasesof carbon. The parametersin the tablefrcmwhich the

elasticenergyis derivedare the usualshockvelocitycoefficientsin the

relationshipbetweenshockvelocity,D, materialvelocity,U, for planeshock

waves and normalsoundvelccity~,

D=~+SU, S = + (1*’)

We indicak here ~so how S is relatedto the rateof changeof

with pressure,B’, as determinedfrom soundvelocitydata. The

energyis obtainedfrom the HugcniotPH(~ locus,determinedby

(2)

bulkmodulus

staticlattice

m: (2)#

aftersubtractingthe thermalenergyand pressurederivedfrom 13q.(1). In
$

making this subtracticmwe have assumedslightlinearvolumedependenceof

rG (towardsO ad 0.5 at zero volumerespectivelyfor diammd md

gra@ite). When the a phase is assignedan internalenergyof 2.4 kJ/gm-at

relativeb & y phase (at@ndafd mndititis) the 300 K &ansitim Y-d is”

foti by free energyequalityto occur at 1.3 GPa and the TQP @ase boundary

is in clo6e agreementwith Bundy’S4 estimatedboundaryup to the.triple

point (seeFigure1). We thereforeassumethat the y and a phasesof carbon

behavethermdynamica~y like mnnal Gr&eisen solidsat all T and P of

interest.

There are also reasonsto expectthat,at least Mermdynamically;

metallic (6phase)carbcnmay be “normal”. For instancethe analagousgroup

IV metal,white-tin,has, in spiteof its la symnetry,a mnnal Correct&f

.
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changeat melting,a “normal”specificheat behaviorin the liquid

and satisfiesthe Lindemannlaw. A generalliquidKS nmdel having

these“normal”propertieshas previouslybeen formulated
13 on the basis”of

the propertiesof lW meltingpint metalsand an extensiveanmuntof computer

simulatim data for mmy particlesystemswith pairwiseinteractions.In this

formulationthe Lindemarmlaw, expressedmost accuratelyin termsthe excess

thermalfree energyF& at meltingfrom Eq. 1, can be writtenin its

normaland “compression”form as

(3)

= 6.05~0.1

ThermalIDS propertiesin the liquidphase thendependsimplyon T ~ TnM?

the temperaturescaledto the meltingtemperaturecharacteristicof the

density,as derivedfrom an excessspscificheat whichdecreasesby a factor

of 1 + 0.1 ~ in the liquidphase. The

fullyappliedti experimentaldata for

ular to the metallicphase of Si where

temperaturethermphysicaldata and phasediagramdata were &it.140nthe

scaling-lawEDS model has been success-

a varietyof metals13 and in partic-

dynansicshockccxnpressiondata,high

hasis of this experiencewe feel justifiedin claimingthat the liquidmodel

can be used m representan averageliquid_ for metallic carbonover a wide

rangeof pre.smreand &npe.raw.

3. Determinationof MetallicCarbonEDS Parameters

There are three typesof experiment~EDS data on carbonwhich have been

consideredirilependentlyfor evaluatingthe metallicEDS parameters. Since
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this data is limitedand intrinsicallynot of high precisionin sane cases?

the EDS parametersare mt inclusively determined. It is thereforeappr-

priate b brieflysmnarize our mcdelingprocedure.

We firstmake use of the dynamiccompressim data,both ultrasonic and

shockvelocity8data on singlecrystaldiamcnd,which providesdirectexper-

imentalevidencefor the a-s transition.In Figure2a, the two setsof data

~e mqarq in a *U plot (using~ and S franTable 1) where the datacan

be seen tobe inconsistent.The discrepancyin the interceptof the slmck

velocitydata with the measuredkul.ksound speed is ‘% timeslargerthan

normalfor carefullymeasuredshockdata in well characterizedmaterial

samples. Becauseof the steeperslopeof the ultrasonicdata,hwwer, the

tm sets of data can be combinedby assuuingthere is a bend in D at U = 3.7

~sec (as irxlicatedby the-bar)correspondingto a shockpressure~ 200@a.

If the break is attributedto the metallictransition,there,are two ways-to

interpret* linearslmckdata beycndthe break. It can representthe linear

D-U relatia of the metal phasewhich is only slightlydenserthan the diamond

phase,or it may lie in a tv&phase regicnof a transitia with large

AVf10. The latterpossibilitycorrespondsto theVan
.

becauseof the largenom-equilibriumeffe&s expected

allow any significanttherm%mamic informationti be

data beyondthe break. Hcw?everin the former-case we

a “best”fit to the canpressibilitxpropertiesof the

Vechtenmdel and,

in such cases,doesnot

extractedfrom

have been able

theD-u

metal phase, fj,as

sham by the firstfour colmns of Table 1. In this searchwe vari~ the

normal.density ~ over the rangewhichper~tted the di~d s~k data
.

akove 2 ~ b be fit & q. (2)for the mew phases For d~ities greater

than the tablevalue,it beccmes~essary b add a significantquadraticterm

to lq. (2)and for lwer densitiesthe metal phase tendsto becme more stable
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than the diamordphase at zeropressureand 300 K. This procedureis not

sensitiveto the assumedvalueof rGo becausethe amountof irreversible

shockheatingin diamondsamplesis relativelysmall.

We can next determinethe thermalparametersin our metal equation-of-

statemdel~ TMO and rGO, (6G0from Eq. (3))at the referencedensity,P

= PO, @ fittingthe seccndset of data, the @se heatingdata in the

vicinityof the y-a+ triplepoint.4 Sumewhatto our surprisewe found in

this step that the diamordphasecould not be stabilizedwith respectto the

metal near the observedtriplepoint unlessa high meltingtemperatureis

assmed, in which case it is the solidmetalliccarbcnthat is in equilibrium

at the experimentaltriplepoint. In his experimentson the crystallizatim

of dianmd from unalloyedgraphite@ ~lse heatingBundy4detectedthe

metal transitionin largepulsesat pressuresabove the triplepoint. He

furthermoreconcludedthat the metal.phasewas likelyti be a liquidphase

fran the a~arance of the mixd diamond-graphitecores that are recovered

after the experiments.Exceptfor this latterconclusim bwever whichwi!l

be furtherdisc&ed in section4, the phaseboundariesin Figure laof

metalliccarbon,describedby the parametersfor f31in Table 1, axe in

satisfactory

a varietyof

sensitiveto

triplepoint

agreementwith experimentaldata. Phasediagramcalculatims for

thermalparametersshow that the calculatedtriplepoint is mae

‘MO - ‘GO” A choiceof 1.1 for I’GOdOeS not changethe

significantly.

For cunparisonwe have generatedthe E13Sof a

carbon*se, %
, with a scalinglXISmodel. With

higherdensitymetallic

parametersshown in Table

1, the scalingmodel producesan equilibriumphase diagramin closeagreement

with Van Vechten’s2exceptfor unessatial differencesnear the diamcnd-

metal triplepoints (seeFigure 1). AS a startingpint fran which to vary
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parametersin the lattersearch,we scaledour previouslydiscussedEKE model

for metallicSi. The differencesin these (~) parametervaluesfrom those

of the f31model can be readilyunderstood.The high pressure,low tempera-

ture transitioncan be broughtaboutat the samepressurebuttighmde~iw @

increasingits energy

graphitetriplepoint

the metal by lcxwaring

of formatim,

with a larger

its D&ye and

~. Hwever @obtain

~, one must lowerthe

meltingtemperatures.

the same

free energyof

4. Ac&ement with Low DensityCarbonShockData

A thirdsourceof usefulexperimentaldata is the extensiveset of .shock-

compressionexperimentscn variouskids of low densitycarbon.’”g Although

theseexperimentswere the first ti detectthe graphit-dimd transiti~?

they have mt been as usefulfor extractingequilibria thermdynam“c proper-

tiesof the hic$ densityphasebecauseof the largeoverdrivingshockpres- :
+

sures requiredb inducethe graphitetrapition to diamcmd.7 By restrict-

ing our attentia b the data at very high pressureand temperaturesabove the

graphitetxansitimr we may hope ti obtainmore reliablethermodynamicdata

pertinentm the diamo-etal (M ) transiti~. FiWre 2b s~s the recenflY
.

pblished data of Gustg on threetypesof graphite. A large scatteris

evidentin the data for porousCeylonand syntheticgraphite‘sampleswhich

presumablyarisesfrom the expect@ nm-uniform densityin.poroussamples.

The compariscnbetweenexperiment

experi.mental.velocityplaneof Figure

equilibriumgraphiteHugcniotsin the

and theoryis most clearlymade in

2. For this reasonthe calculated

vicinityof the a-8 transitionare

The comparism firsta~ars @ tellus &hat some non-equilibriumeffects

the

Shcwn -

are
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presentnear the a-f3 transition,sincethe transitionbreaksare not evident

and neithermetalmdel (orany suitableinterpolaticmbean the two)

closelyfits all the graphitedata.

Secondly,althoughthe a-Ej transitia cannotbe explicitlyseen for the

61 model, the data is roughlyconsistentwith an equilibriumtransitia for

Ceylcmgraphiteand overdriventransitions(by10-15%in shockvelocity)for

both ~rolytic and syntheticgraphiteswithin

other hand if the ~ nmdel is irdeedthe real

threeformsof graphitemust lie belowa very

is requiredto initiatethe transiticmcm the

the rangeof the data. On the

cne, the shockdata for all

largeoverdrivingstresswhich

time scaleof shockqressicn.

~is a~ars unlikelyhwever in vim of the extremelyhigh diamondtempera-

turesthatwould be reachedat the highestshockstresses(6000-7000K). It

would also a~ar b be inconsistentwith our originalassumptionthat the

crystaldiamondHugaiot undergoesa tiansiticmat ~ 200GPa at a much lower

shock temperature(~ 1000K, see below). We concludethereforethat the

graphiteslmckdata stronglyfavers the lowerdensity,61mdel for metallic

carbon.

A sekctim of this sane graphitedata is plottedin the P-P plane in

Figure3 togetherwith high pressureshockdata cn porouscarbonsamplesfrcxn

severalRussianreports. A numberof pointsfrom the lattersources,which

are circled,representdata on very thicksamples (1 to 7 centimeters)in

whichnon-equilibriumattenuatim of the slmckwave (ona psec time scale)

slxmldbe minimized.H This data confirm the errorsin earlierdata which

was claimed to have ifiicatedthe dianmd-metaltransiticm.16 The data

sourcesdisplayedin Figure 3 a~ar to be ccmsistentwithina largescatter

althoughthe theoreticalorderof the Hugcniotswith porosityis barely
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visible. The inconsistencyof the shockdatawith the equilibriumHugoniot

fOr the f3vmetal is even more evident.

In order ti furtherclarifythe thermodynamicand experimentalccmse

quencesof our ncdels for carbonmetal we have plottedin Figures1 and 4 the

equilibriumphasediagramsfor the

the equilibrium?!iugmiotpaths for

Figure1 for the BVmetal that,if

experiment,an unusuallawring of

twometalliccarbonmodels togetherwith

variousgraphs. For instance,note in

the equilibriumHugoniotwas’followedby ‘

the Hugmiot temperaturewith pres&re

would occur as a res~t of follming the phase boundaries. Ifcmtheothsr

had the Hqmiot remainsmetastablyin the diamondphase,m’ the shock

velouitymeasurementsvnild implyin thiscase, the Hugmiot temperature

sbwld increasesteadilywhile the electricalresistivitywould remainhigh up

b the highestpressures. Figure4 shows the correspcmdingHugcniotpaths in

the phase diagramfor the 131metal. Shocktemperatureshere increase
,

snoothl.ythroughthe phase transiticm while the electrical resistivity

decrease* to the metal range. Pulsedx-raycrystallographymay also
,.-

possiblybe able to distinguishbetweenthe diamondand metallicphasesat the

highestslmckstresses. Our a~roach providesm guidance,however,as to

which crystalphase (orphases)shouldbe expected. Note that the estimated

triplepoint fromGE experinmts4 is closeti that calculatedfor the #3~

mew @ that ~” *erved nearbysecondtriplepint is alsgpredicted.

The closenessof the * triplepints in bth pressureand temperaturewill

make the experimentalrecognitim of the solidphasemore difficult. In the

GE plse heating

temperaturewere

and the presence

explained. More

experimentsthe probablemditims of the sampleat maximum

less well det-ned than in the graQhite

of graphitein the recoveredcore was mt

experimentaldata in this regicnwould be

meltingexperiments “

satisfactorily

of interest. (Iam
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indebtedto Dr. F. P Bundy for both discussionand correspondenceon this

matter.) on the other hand the closenessof the triplepints raisesthe

possibilitythat relativelysmall

of the liquidphasefrom “normal”

energies,might lower the melting

5. Evaluationof MetallicModels

deviaticmsin the thermodynamicproperties

model behavior,which laer its free

line to tk -6 transitionline.

A faultof our

separategroupsof

Al+$ in the static

procedurefor normalizingthe metalEXE so far is that

w-t- (TMorrGo) in the therI@. part and (~~ s?

latticeenergyare adjustedindependentlyof each other

witkut any limitationscorrespondingto the requirementthat they be deriv~

able from the samemany-txxlyinteractimsbetweencarbcnatoms. Only in a

lowest“fluidcontinuum”(Debye)a~roximation to the thermalE13Scan these

interelaticnshipbe simpleenoughb be testedby our @el. In this lW

a~roximaticm thereare w relationshipwhich shouldbe approximately

satisfied. First if the meltingtemperaturesatisfiesa Lindemannproperty,

then it slxmldbe proportionalta the bulkmodulustimesthe ahic volumeof

the solid. Secadly, theGruneisenratioshmildbe relatedto the pressure

derivativeof the soundvdacity, or,

form of the relationshippreferredin

Du@aleMcDona ld formulawhich states

throughrelation

133Smodelingfor

tit rGO= 2s-1.

(2)rtos. We usea

metals,17 the

Sinceboth relations

are very a~roximate we must not expectcorreqmnding ratiosto be constants

but ratherm vary in a smallbut systanaticway throughthe periodictable.

In order ti see hm consistentour hjpthetical.constants~e in this smse

with thoseof other relatedmetals,we have collecteda numberof parameters

for the secondrcw and group IV metals in Table 2. It can be seen in the

Table that,j~ging by the tabulatedcpntities, metalliccarbonis mre

.
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distantlyrelatedto its othergroup IV membersthan it is to its swxmd row

neighborsor than the othergroup IV elementsare to each other. In the

swond rcx?the trendsshownby the meltingtanperatureand gamma ratios

slightlyfavor the 61 mcdel althoughthe distinctionis not large in viewof

the fl=tuations in the tabulatedratios. Note that in Table I we have

‘3 and in Table 11 cmpared it with experimentalta~ated 6D0 ~ 6G)/e

(3Dfrom 1* ten7peraturespecificheats.

It a~ars feasibleat this time @ obtaina reliabletheoreticalmodel

for the metallic*se of carbcn& means of a mnventimal electronband-

strtiure calculation.As a preliminarystep in this directionA. K. Mdahan

of our laboratoryhas investigatedthe b and fcc crystalstructuresof

carbm which turnout to be metallicat low pressures. The zero-pressure

densitieswere foundto be significantlyless than that of diamnd, apparently

not favoringthe high densityof the 6V model.

MMkinal has smcessfully utilizeda high densitycarbcnnmdel with a

very largeL%, like that of the 6V model, to explainthe heatsof fo-

tionof tl@ trmsiticn metal carbides. The’iniplicationsof”the ltier“values

of .POand A% of the 61 model for swh alloymodelsare now under study.

In conclusim it has been demcxmtratedthat experimenta.1EX data

(virtuallyall “dynamicn) faversa metallicphaseof carboncharacterized@

luwr densitiesand highermeltingtemperaturesthan had previouslyken

expfsct&i. It is perhapsmt surprisingthat strictgroup-IVscalingshould

not be followedin this case in vi= of the exceptionallyhigh atanicdensity

and bulkmodulusof carti. Variousexperimentalmethodsof distinguishing

be@en thesemodelswere outlinedbased cm dynamicmethcdsof measuring

temperature,resistivityand crystalstructurein shock-waveexperimmts. The
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full predictedEDS of

is plottedin Fig. S.

mtald.icphase. This

14

carti bas~ cm fittingthe % mcdel to currentdata

It showsa very large stabilityfieldfor a singlesolid

singlephase skmld not be takentoo literallyinasmuch

as our 81 modelmay representthe averagebehaviorin this fieldof several

metallicor sai-metallicphaseswith relativelysmallthermodymic differ-

encesand a~roximately‘normal”meltingbehavior,as a%ars ti k the case

for metallicSn and some group 111-IVcompounds.3
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Table 1

Carbm PO %
Phase WCC Cm@ec

Y 2.267 .475

s As

kJ/gm at

1.5 0

‘Do ‘Go ‘MO
K K

1478 .37 —

a 3.51 1.122

61 3.75 1.37

1.26 2.4 1850 — —

1.0 33 1693 1.5 6000

969 1.8 2400%T 4.65 1.07 1.4 122

q) - referencedensityin standardstate (300K and 1 atm)

% - shockvelocityparametersto fit b experimentaldata,D = q.$-su

% - internalenergyin standardstateof given phaserelativeti thatof

the graphite

%)’ Tiq(p%o-
inefficient

Debye temperature,meltingtemperature,and Gruneisen

Table II

s r ,.

‘“ 21

Metallic VAO
‘o %0 %0 ‘w %0

(K)
‘OVAO

Element (cc/role) (GPa)(K)

Li 13.02 10.9 352

Be 4.89 1.19 1160

B 4.66 183 1315

c~l 3.20 700 1693

C(IV 2.58 534 969

Si6* 9.06 67 350

Sn6 16.30 55 195

Pb 18.27 45 1.S9

3.20

2.68

2.93

2.68

1.74

1.48

0.56

0.73

454

1557

2498

6000

2400

900

505

600

.9

1.15

1.133a

1.124a

—

1.0

1.4

1.4

1.486a

1.46a

0.73.”

0.92

1.4-1.8 —

1.5(1.1) (1.1)

1.0

1.22

1.06

1.41

1.8

2.2

2.1

2.7

a- 13ataof GMX-6group,12iSL(LJ4-4167-MS,1969,unpublished).

‘AO - atmic volume

‘o - bqlknmdulusin standardstate
* - fran ref. 14
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FigureCapticms

Fig. 1 Carbcm temperature-pressurephasediagramfor a high densitymetall.ic

phase (@V). Hugoniottemperaturesfor varioustyps of low density

carbon: s—synthetic graphite,d-porous diamond,c-Ceylon

graphite,Wpfrotylic graphite. Experimentaltriplepoint4.

Solidand liquidmetallicphasesare indi=ted by ~~ and ~1.

Fig. 2a Dynamicccmpressicmdata for singlecrystaldiamond:

dianmd stnck (D)vs particle(u)vel=ity data-O,

ul.trasmicvelmity data-line throughthe bulk soundspeed“cBw

intersecticn— H
Fig. 2b Canparisonof graphitesbck velocitydatawith nndel &kulatims.

For visualclaritysolidlineshavebeen drawnthroughthe graphite

data (o, ~ #n). @l and 6V indicatemcdel velocitycalculaticms.

p-talc. Hugcmiotfor pyrolytic(P.= 2.26WCC)

C—talc. Hugoniotfor Ceylm (P.= 2.16gin/=)

s-talc. Hugcniotfor synthetic(P. s 1.78gJ@cc)

Fig. 3 P-P graphof high pressurecarbcnskck data:

S--syntheticgra@ite, p-pyrolytic graphite,t(l’P)— & ~ transitia

—extrapolatedultrasoniccompressioncurve‘o~

—extrapolated $_metal compressioncurve‘o ~

—Hugoniots for 1$metal phase,showingdianmd metal and

meltingtransitims

— —the same fclr6V metal

transition

phase showingdiarmnd-metal.



Fig. 4

Fig. 5

19

Carbcm temperatur+presswe phase diagramfor the 61mOdel of

metalliccarbcn. See Fig. 1 for wtation. TWO triplepoints,tl

(T,P)and t, (T,P), betweengraphite,dimd, and/ormetallic
&

carbm are predicted.

PressureEDS surfacefor carti predicted

same notaticmas Fig. 1. Crystaldiancnd

with f31metallic--.

Hugoniotindicatd by x.

..-
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